
PROPRIETARY MATERIAL.  © 2007 The McGraw-Hill Companies, Inc.  All rights reserved.  No part 
of this Manual may be displayed, reproduced or distributed in any form or by any means, without the prior 
written permission of the publisher, or used beyond the limited distribution to teachers and educators 
permitted by McGraw-Hill for their individual course preparation.  If you are a student using this Manual, 
you are using it without permission. 
 

Chapter 15, Problem 1.  
 
Find the Laplace transform of: 
(a) cosh at (b) sinh at 
 

[Hint: cosh x = ( )xx ee −+
2
1 , sinh  x = ( )xx ee −−

2
1 .] 

 
Chapter 15, Solution 1.  
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Chapter 15, Problem 2.  
 
Determine the Laplace transform of: 
(a) cos( θω +t ) (b) sin( θω +t ) 
 
 
Chapter 15, Solution 2.  
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Chapter 15, Problem 3.  
 
Obtain the Laplace transform of each of the following functions: 

(a) ( )ttue t 3cos2−  (b) ( )ttue t 4sin2−  
(c) ( )ttue t 2cosh3−  (d) ( )ttue t sinh4−  
(e) ( )ttute t 2sin−  
 
Chapter 15, Solution 3.  
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Chapter 15, Problem 4.  
 
Find the Laplace transforms of the following: 
(a) ( ) ( )14cos6 −= ttg  

 
(b) ( ) ( ) ( ) ( )252 23 −+= −− tuettutf t  
 
 
 
 
 
 
 
Chapter 15, Solution 4.  
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Chapter 15, Problem 5.  
 
Find the Laplace transform of each of the following functions: 

(a) ( ) ( )tutt °+ 302cos2  (b) ( )tuet t243 −  

(c) ( ) ( )t
dt
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Chapter 15, Solution 5.  
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Chapter 15, Problem 6.  
Find F(s) given that 
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Chapter 15, Solution 6. 
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Chapter 15, Problem 7.  

Find the Laplace transform of the following signals: 

(a) ( ) ( ) ( )tuttf 42 +=  
(b) ( ) ( ) ( )tuetg t234 −+=  
(c) ( ) ( ) ( )( ) ( )tuttth 3cos83sin6 +=  
(d) ( ) ( )( ) ( )tutetx t 4cosh2−=  

Chapter 15, Solution 7. 
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Chapter 15, Problem 8.  

 

Find the Laplace transform F(s), given that f(t) is: 
(a) ( )42 −ttu  
(b) ( ) ( )2cos5 −tt δ  
(c) ( )ttue t −−  
(d) ( ) ( )τ−tut2sin  
 
 
 
 
Chapter 15, Solution 8. 
 

(a) 2t=2(t-4) + 8 
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Chapter 15, Problem 9.  

 

Determine the Laplace transforms of these functions: 
(a) ( ) ( ) ( )24 −−= tuttf  
(b) ( ) ( )12 4 −= − tuetg t  
(c) ( ) ( ) ( )tutth 12cos5 −=  
(d) ( ) ( ) ( )[ ]426 −−−= tututp  
 
 
Chapter 15, Solution 9.  
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Chapter 15, Problem 10.  

 

In two different ways, find the Laplace transform of 

( ) ( )tte
dt
dtg t cos−=  

 
 
 
 
 
Chapter 15, Solution 10.  
 

(a) By taking the derivative in the time domain, 
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(b) By applying the time differentiation property, 
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Chapter 15, Problem 11.  
Find F(s) if: 

(a) ( ) tetf t 2cosh6 −=  (b) ( ) ttetf t 4sinh3 2−=  
(c) ( ) ( )2cosh8 3 −= − ttuetf t  
 
Chapter 15, Solution 11.  
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Chapter 15, Problem 12.  

If ( ) tetg t 4cos2−=  find G(s). 

Chapter 15, Solution 12. 

2 2 2
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( 2) 4 4 20
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Chapter 15, Problem 13.  
Find the Laplace transform of the following functions: 

(a) ( )tutt cos  (b) ( )tutte t sin−        (c) ( )tu
t
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Chapter 15, Solution 13.  
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(b)  Let  f(t)  =   e-t  sin t. 
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Chapter 15, Problem 14.  
 
Find the Laplace transform of the signal in Fig. 15.26.  
 
 

 
Figure 15.26 
 
For Prob. 15.14. 
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Chapter 15, Solution 14. 
 
Taking the derivative of f(t) twice, we obtain the figures below. 
    
                   f’(t) 
 
                      5          
 
 
                      0   t 
                    2              4                6 
                  -2.5   
 
 
 
                          f’’(t) 
 
 5δ (t)                       2.5δ(t-6) 
 
 
 
                             0             2                             6 
 
 
           -7.5δ(t-2) 
 
 
 f” = 5δ(t) – 7.5δ(t–2) + 2.5δ(t–6) 
 
Taking the Laplace transform of each term, 
 

s2F(s) = 5 – 7.5e–2s + 2.5e–6s or 2

s6

2

s2

s
e5.2

s
e5.7

s
5)s(F

−−
+−=  

 
Please note that we can obtain the same answer by representing the function as, 
 

f(t) = 5tu(t) – 7.5u(t–2) + 2.5u(t–6). 
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Chapter 15, Problem 15.  

Determine the Laplace transform of the function in Fig. 15.27.  

 
Figure 15.27 
For Prob. 15.15. 
 
Chapter 15, Solution 15. 
 
This is a periodic function with  T=3. 

 1
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To get F1(s), we consider f(t) over one period. 
 
             f1(t) f1’(t)                                    f1’’(t) 
 
 
               5                                        5      
 5δ(t) 
 
 
  
                   0      1     t                        0        1            t                   0        1             t 
  
 
 
 

f1” = 5δ(t) –5δ(t–1) – 5δ’(t–1) 
 
Taking the Laplace transform of each term, 
 
 s2F1(s) = 5 –5e–s – 5se–s  or  F1(s) = 5(1 – e–s – se–s)/s2  
 
Hence, 

 F(s) = 
)e1(s

see15 s32

ss

−
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−
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Alternatively, we can obtain the same answer by noting that f1(t) = 5tu(t) – 5tu(t–1) – 
5u(t–1). 

–5δ(t-1)
–5δ(t-1) 
–5δ’(t-1) 
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Chapter 15, Problem 16.  
 
Obtain the Laplace transform of f(t) in Fig. 15.28. 
  

 
Figure 15.28 
For Prob. 15.16. 
 
 
 
 
 
Chapter 15, Solution 16.  
 
 

)4t(u5)3t(u3)1t(u3)t(u5)t(f −−−+−−=  
 

=)s(F [ ]s4-s3-s- e5e3e35
s
1

−+−  
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Chapter 15, Problem 17.  
 
Find the Laplace transform of f(t) shown in Fig. 15.29. 
  

 
Figure 15.29 
For Prob. 15.17. 
 

Chapter 15, Solution 17. 
 
Taking the derivative of f(t) gives f’(t) as shown below. 
 
 f’(t) 
 
 2δ(t)               
 
 
 
  t 
 
 
 -δ(t-1)   – δ(t-2) 
 
 
 f’(t) = 2δ(t) – δ(t–1) – δ(t–2) 
Taking the Laplace transform of each term, 
 sF(s) = 2 – e–s – e–2s  which leads to 
 
 F(s) = [2 – e–s – e–2s]/s 
 
 
We can also obtain the same answer noting that f(t) = 2u(t) – u(t–1) – u(t–2). 
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Chapter 15, Problem 18.  
 
Obtain the Laplace transforms of the functions in Fig. 15.30. 
  

 
Figure 15.30 
For Prob. 15.18. 
 
 
Chapter 15, Solution 18.  
 

(a) [ ] [ ])3t(u)2t(u3)2t(u)1t(u2)1t(u)t(u)t(g −−−+−−−+−−=  
       )3t(u3)2t(u)1t(u)t(u −−−+−+=  
 

=)s(G )e3ee1(
s
1 s3-s2-s- −++  

 
(b) [ ] [ ])3t(u)1t(u2)1t(u)t(ut2)t(h −−−+−−=  

[ ])4t(u)3t(u)t28( −−−−+  
 
        )3t(u2)1t(u2)1t(u2)1t(u)1t(2)t(ut2 −−−+−−−−−=  

)4t(u)4t(2)3t(u2)3t(u)3t(2 −−+−+−−−  
 
        )4t(u)4t(2)3t(u)3t(2)1t(u)1t(2)t(ut2 −−+−−−−−−=  
 

=+−−= s4-
2

s3-
2

s-
2 e

s
2

e
s
2

)e1(
s
2

)s(H )eee1(
s
2 s4-s3-s-
2 +−−  
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Chapter 15, Problem 19.  
Calculate the Laplace transform of the train of unit impulses in Fig. 15.31.  

 
Figure 15.31 
For Prob. 15.19. 
 
Chapter 15, Solution 19.  

Since [ ] 1)t( =δL  and 2T = ,  =)s(F s2-e1
1
−

 

Chapter 15, Problem 20.  
The periodic function shown in Fig. 15.32 is defined over its period as 

( )
⎩
⎨
⎧

<<
<<

21,0
10,sin

t
tt

tg
π

 

 
Find G(s)  

 
Figure 15.32 
For Prob. 15.20. 
 
Chapter 15, Solution 20.  

Let  1t0),tsin()t(g1 <<π=  
         [ ])1t(u)t(u)tsin( −−π=  
         )1t(u)tsin()t(u)tsin( −π−π=  

 
Note that )tsin(-)tsin())1t(sin( π=π−π=−π . 
So, 1)-u(t1))-t(sin(u(t)t)sin()t(g1 π+π=  
 

)e1(
s

)s(G s-
221 +

π+
π

=  

 

=
−

= 2s-
1

e1
)s(G

)s(G
)e1)(s(

)e1(
2s-22

-s

−π+
+π
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Chapter 15, Problem 21.  
 
Obtain the Laplace transform of the periodic waveform in Fig. 15.33. 
  

 
Figure 15.33 
For Prob. 15.21. 
 
 
 
 
Chapter 15, Solution 21.  
 

 π= 2T  
 

Let [ ])2t(u)t(u
2
t1)t(f1 π−−⎟
⎠
⎞

⎜
⎝
⎛

π
−=  

)2t(u)2t(
2
1)t(u

2
t)t(u)t(f1 π−π−

π
+

π
−=  

 
[ ]

2

s-2

2

s2-

21
s2

e1-s2
s2

e
s2

1
s
1)s(F

π

++π
=

π
+

π
−=

ππ
 

 

=
−

= Ts-
1

e1
)s(F

)s(F
)e1(s2

e1s2
s2-2

s2

π

π−

−π

+−π  
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Chapter 15, Problem 22.  
Find the Laplace transforms of the functions in Fig. 15.34.  

 
Figure 15.34 
For Prob. 15.22. 
 
Chapter 15, Solution 22.  

(a) Let  1t0,t2)t(g1 <<=  
         [ ])1t(u)t(ut2 −−=  
         )1t(u2)1t(u)1t(2)t(ut2 −+−−−=  

s-
2

-s

21 e
s
2

s
e2

s
2

)s(G +−=  

1T,
e1

)s(G
)s(G sT-

1 =
−

=  

=)s(G
)e1(s

)ese1(2
s-2

-s-s

−
+−

 

 
(b) Let )t(uhh 0 += , where 0h  is the periodic triangular wave. 

Let 1h  be 0h  within its first period, i.e. 

⎩
⎨
⎧

<<−
<<

=
2t1t24
1t0t2

)t(h1  

 
)2t(u)2t(2)1t(ut2)1t(u4)1t(ut2)t(ut2)t(h1 −−−−−−+−−=  

)2t(u)2t(2)1t(u)1t(4)t(ut2)t(h1 −−−−−−=  

2s-
22

-2s
s-

221 )e1(
s
2

s
e2

e
s
4

s
2

)s(H −=−−=  

)e1(
)e1(

s
2

)s(H 2s-

2-s

20 −
−

=  

 

=)s(H
)e1(

)e1(
s
2

s
1

2s-

2-s

2 −
−

+  
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Chapter 15, Problem 23.  
Determine the Laplace transforms of the periodic functions in Fig. 15.35. 
  

 
Figure 15.35 
For Prob. 15.23. 
 
Chapter 15, Solution 23.  

(a) Let 
⎩
⎨
⎧

<<
<<

=
2t11-
1t01

)t(f1  

 
[ ] [ ])2t(u)1t(u)1t(u)t(u)t(f1 −−−−−−=  

)2t(u)1t(u2)t(u)t(f1 −+−−=  
 

2s-2s-s-
1 )e1(

s
1

)ee21(
s
1

)s(F −=+−=  

 

2T,
)e1(

)s(F
)s(F sT-

1 =
−

=  

=)s(F
)e1(s

)e1(
2s-

2-s

−
−

 

(b) Let [ ] )2t(ut)t(ut)2t(u)t(ut)t(h 222
1 −−=−−=  

)2t(u4)2t(u)2t(4)2t(u)2t()t(ut)t(h 22
1 −−−−−−−−=  

2s-2s-
2

2s-
31 e

s
4

e
s
4

)e1(
s
2

)s(H −−−=  

 

2T,
)e1(

)s(H
)s(H Ts-

1 =
−

=  

=)s(H
)e1(s

)ss(es4)e1(2
2s-3

2-2s-2s

−
+−−
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Chapter 15, Problem 24.  
Given that 

( )
( ) ( )31

610
2

2

++
++

=
sss

sssF  

Evaluate f(0) and ( )∞f  if they exist. 
 

Chapter 15, Solution 24. 
2 2 3

2

10 6 1/ 10 / 6 / 0(0) lim ( ) lim lim 0
( 1) ( 2) (1 1/ )(1 2 / ) 1s s s

s s s s sf sF s
s s s s→∞ →∞ →∞

+ + + +
= = = = =

+ + + +
 

2

20 0

10 6 6( ) lim ( ) lim 3
( 1) ( 2) (1)(2)s s

s sf sF s
s s→ →

+ +
∞ = = = =

+ +
 

Chapter 15, Problem 25.  
Let 

( ) ( )
( )( )32

15
++

+
=

ss
ssF  

(a)  Use the initial and final value theorems to find f(0) and ( )∞f . 
(b)  Verify your answer in part (a) by finding f(t), using partial fractions. 
 

Chapter 15, Solution 25. 
 

(a)    5 ( 1) 5(1 1/ )(0) lim ( ) lim lim 5
( 2)( 3) (1 2 / )(1 3/ )s s s

s s sf sF s
s s s s→∞ →∞ →∞

+ +
= = = =

+ + + +
 

0 0

5 ( 1)( ) lim ( ) lim 0
( 2)( 3)s s

s sf sF s
s s→ →

+
∞ = = =

+ +
 

 

(b)  5( 1)( )
( 2)( 3) 2 3

s A BF s
s s s s

+
= = +

+ + + +
 

 

 5( 1) 5( 2)5, 10
1 1

A B− −
= = − = =

−
 

 2 35 10( ) ( ) 5 10
2 3

t tF s f t e e
s s

− −−
= + ⎯⎯→ = − +

+ +
 

 
f(0) = -5 + 10 = 5 
f(∞ )= -0 + 0 =  0. 
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Chapter 15, Problem 26.  
 
Determine the initial and final values of f(t), if they exist, given that: 

(a) ( )
64

3
23

2

++
+

=
ss

ssF  

(b) ( ) ( )( )422
12

2

2

++−
+−

=
sss

sssF  

 
 
 
 
 
Chapter 15, Solution 26.  
 

(a) =
++

+
==

∞→∞→ 6s4s
s3s

lim)s(sFlim)0(f 23

3

ss
1  

 
Two poles are not in the left-half plane. 

)(f ∞ existnotdoes  
 

(b) 
)4s2s)(2s(

ss2s
lim)s(sFlim)0(f 2

23

ss ++−
+−

==
∞→∞→

 

        =
⎟
⎠
⎞

⎜
⎝
⎛ ++⎟
⎠
⎞

⎜
⎝
⎛ −

+−
=

∞→

2

2

s

s
4

s
21

s
21

s
1

s
21

lim 1  

 
One pole is not in the left-half plane. 

)(f ∞ existnotdoes  
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Chapter 15, Problem 27.  
 
Determine the inverse Laplace transform of each of the following functions: 

(a) ( )
1

21
+

+=
ss

sF  

(b) ( )
4
13

+
+

=
s
ssG  

(c) ( ) ( )( )31
4

++
=

ss
sH  

(d) ( )
( ) ( )42

12
2 ++

=
ss

sJ  
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Chapter 15, Solution 27.  
 

(a) =)t(f )t(ue2)t(u -t+  
 

(b) 
4s

11
3

4s
11)4s(3

)s(G
+

−=
+

−+
=  

 
=)t(g )t(ue11)t(3 -4t−δ  

 

(c) 
3s

B
1s

A
)3s)(1s(

4
)s(H

+
+

+
=

++
=  

2A = ,  -2B =  

3s
2

1s
2

)s(H
+

−
+

=  

 
=)t(h -3t-t e2e2 − u(t) 

 

(d) 
4s

C
)2s(

B
2s

A
)4s()2s(

12
)s(J 22 +

+
+

+
+

=
++

=  

6
2

12
B == , 3

)-2(
12

C 2 ==  

2)2s(C)4s(B)4s()2s(A12 ++++++=  
 
Equating coefficients : 

2s : -3-CACA0 ==⎯→⎯+=  
1s : 6-2ABBA2C4BA60 ==⎯→⎯+=++=  
0s : 121224-24C4B4A812 =++=++=  

 

4s
3

)2s(
6

2s
3-

)s(J 2 +
+

+
+

+
=  

 
=)t(j -2t-2t-4t et6e3e3 +− u(t) 
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Chapter 15, Problem 28.  
Find the inverse Laplace transform of the following functions: 

(a) ( ) ( )
( )256

220
2 ++

+
=

sss
ssF  

(b) ( ) ( )( )( )321
20366 2

+++
++

=
sss

sssP  

 

Chapter 15, Solution 28. 

(a)  2 2

20( 2)( )
( 6 25) 6 25

s A Bs CF s
s s s s s s

+ +
= = +

+ + + +
 

 
2 220( 2) ( 6 25 )s A s s s Bs Cs+ = + + + +  

Equating components, 
s2 : 0  = A + B  or  B= - A 
s: 20 = 6A + C 
constant:      40 – 25 A  or  A = 8/5,  B = -8/5,  C= 20 – 6A= 52/5 
 

2 2 2 2

8 52 8 24 52( 3)8 85 5 5 5 5( )
5 ( 3) 4 5 ( 3) 4

s s
F s

s s s s

− + − + + +
= + = +

+ + + +
 

 
3 38 8 19( ) ( ) cos 4 sin 4

5 5 5
t tf t u t e t e t− −= − +  

 

(b)   
26 36 20( )

( 1)( 2)( 3) 1 2 3
s s A B CP s

s s s s s s
+ +

= = + +
+ + + + + +

 

6 36 20 5
( 1 2)( 1 3)

A − +
= = −

− + − +
 

24 72 20 28
( 1)(1)

B − +
= =

−
 

54 108 20 17
( 2)( 1)

C − +
= = −

− −
 

5 28 17( )
1 2 3

P s
s s s
−

= + −
+ + +

 

 
2 3( ) ( 5 28 17 ) ( )t t tp t e e e u t− − −= − + −  
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Chapter 15, Problem 29.  
 
Find the inverse Laplace transform of: 

( ) ( )134
262

2 ++
+

=
sss

ssV  

 
 
 
 
 
 
 
 
 
 
Chapter 15, Solution 29.  
 

2222

22
22

3)2s(
3

3
2

3)2s(
)2s(2

s
2)s(V

6Band2A26s2BsAs26s8s2;
3)2s(

BAs
s
2)s(V

++
−

++

+
−=

−=−=→+=++++
++

+
+=

 

 

v(t) = 0t),t(u)t3sine
3
2t3cose22( t2t2 ≥−− −−  
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Chapter 15, Problem 30.  
 
Find the inverse Laplace transform of: 

(a) ( ) ( )52
386

2

2

1 ++
++

=
sss
sssF  

(b) ( )
( ) ( )41

65
2

2

2
++
++

=
ss
sssF  

(c) ( ) ( )( )841
10
23 +++

=
sss

sF  

 
 
 
 
 
 
 
 
Chapter 15, Solution 30. 
 

(a)    
2

1 2 2

6 8 3( )
( 2 5) 2 5
s s A Bs CF s

s s s s s s
+ + +

= = +
+ + + +

 

 
 2 2 26 8 3 ( 2 5)s s A s s Bs Cs+ + = + + + +  
We equate coefficients. 
s2  : 6 = A + B 
s:  8= 2A + C 
constant: 3=5A  or    A=3/5 
B=6-A = 27/5, C=8-2A = 34/5 
 

1 2 2 2

3 / 5 27 / 5 34 / 5 3/ 5 27( 1) / 5 7 / 5( )
2 5 ( 1) 2

s sF s
s s s s s

+ + +
= + = +

+ + + +
 

 

1
3 27 7( ) cos 2 sin 2 ( )
5 5 10

t tf t e t e t u t− −⎡ ⎤= + +⎢ ⎥⎣ ⎦
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(b) 
2

2 2 2

5 6( )
( 1) ( 4) 1 ( 1) 4

s s A B CF s
s s s s s

+ +
= = + +

+ + + + +
 

2 25 6 ( 1)( 4) ( 4) ( 1)s s A s s B s C s+ + = + + + + + +  
Equating coefficients, 
 
s2 :  1=A+C 
s:  5=5A+B+2C 
constant: 6=4A+4B+C 
Solving these gives 
 A=7/9,  B= 2/3,  C=2/9 
 

2 2

7 / 9 2 / 3 2 / 9( )
1 ( 1) 4

F s
s s s

= + +
+ + +

 

 
4

2
7 2 2( ) ( )
9 3 9

t t tf t e te e u t− − −⎡ ⎤= + +⎢ ⎥⎣ ⎦
 

 
 
 

(c )  3 2 2

10( )
( 1)( 4 8) 1 4 8

A Bs CF s
s s s s s s

+
= = +

+ + + + + +
 

 2 210 ( 4 8) ( ) ( 1)A s s B s s C s= + + + + + +  
s2 :  0 =  A + B  or  B = -A 
s:  0=4A+ B + C 
constant: 10=8A+C 
Solving these yields 
 A=2,   B= -2,  C= -6 

3 2 2 2 2 2

2 2 6 2 2( 1) 4( )
1 4 8 1 ( 1) 2 ( 1) 2

s sF s
s s s s s s

− − +
= + = − −

+ + + + + + + +
 

 
f3(t) = (2e–t – 2e–tcos(2t) – 2e–tsin(2t))u(t). 
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Chapter 15, Problem 31.  
 
Find f(t) for each F(s): 

(a) ( )( )( )321
10

+++ sss
s  

(b) 
( )( )3

2

21
142

++
++

ss
ss  

(c) ( )( )522
1

2 +++
+

sss
s  

 
 
 
 
 
 
Chapter 15, Solution 31.  
 

(a) 
3s

C
2s

B
1s

A
)3s)(2s)(1s(

s10
)s(F

+
+

+
+

+
=

+++
=  

 

-5
2
10-

)1s()s(FA 1-s ==+= =  

20
1-
20-

)2s()s(FB -2s ==+= =  

-15
2
30-

)3s()s(FC 3-s ==+= =  

 

3s
15

2s
20

1s
5-

)s(F
+

−
+

+
+

=  

 
=)t(f )t(u)e15e20e(-5 -3t-2t-t −+  
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(b) 323

2

)2s(
D

)2s(
C

2s
B

1s
A

)2s)(1s(
1s4s2

)s(F
+

+
+

+
+

+
+

=
++
++

=  

-1)1s()s(FA 1-s =+= =  

-1)2s()s(FD -2s
3 =+= =  

)4s4s)(1s(B)4s4s)(2s(A1s4s2 222 +++++++=++  
 )1s(D)2s)(1s(C +++++  
Equating coefficients : 

3s : 1-ABBA0 ==⎯→⎯+=  
2s : 3A2CCACB5A62 =−=⎯→⎯+=++=  
1s : DC3A4DC3B8A124 ++=+++=  

 -1A-2DDA64 =−=⎯→⎯++=  
0s : 116-4D2C4ADC2B4A81 =−+=++=+++=  

 

32 )2s(
1

)2s(
3

2s
1

1s
1-

)s(F
+

−
+

+
+

+
+

=  

 
2t-

2
2t-2t-t- e

2
t

et3ee-f(t) −++=  

=)t(f )t(u)e
2
tt31e(- 2t-
2

t-
⎟
⎟
⎠

⎞
⎜
⎜
⎝

⎛
−++  

 

(c) 
5s2s

CBs
2s

A
)5s2s)(2s(

1s
)s(F 22 ++

+
+

+
=

+++
+

=  

5
1-

)2s()s(FA -2s =+= =  

)2s(C)s2s(B)5s2s(A1s 22 ++++++=+  
Equating coefficients : 

2s : 
5
1

-ABBA0 ==⎯→⎯+=  

1s : 1CC0CB2A21 =⎯→⎯+=++=  
0s : 121-C2A51 =+=+=  

 

222222 2)1s(
54

2)1s(
)1s(51

2s
51-

2)1s(
1s51

2s
51-

)s(F
++

+
++
+

+
+

=
++
+⋅

+
+

=  

 
=)t(f )t(u))t2sin(e4.0)t2cos(e2.0e(-0.2 -t-t-2t ++  
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Chapter 15, Problem 32.  
Determine the inverse Laplace transform of each of the following functions: 

(a) ( )( )
( )( )42

318
++
++

sss
ss  (b) 

( )( )2

2

21
42

++
+−

ss
ss  (c) ( )( )543

1
2

2

+++
+

sss
s  

 
Chapter 15, Solution 32.  
 

(a) 
4s

C
2s

B
s
A

)4s)(2s(s
)3s)(1s(8

)s(F
+

+
+

+=
++
++

=  

 

3
)4)(2(

(8)(3)
s)s(FA 0s === =  

2
)-4(

(8)(-1)
)2s()s(FB -2s ==+= =  

3
(-2))-4(

)(8)(-1)(-3
)4s()s(FC -4s ==+= =  

 

4s
3

2s
2

s
3

)s(F
+

+
+

+=  

 
=)t(f -4t-2t e3e2)t(u3 ++  

 

(b) 22

2

)2s(
C

2s
B

1s
A

)2s)(1s(
4s2s

)s(F
+

+
+

+
+

=
++
+−

=  

 
)1s(C)2s3s(B)4s4s(A4s2s 222 +++++++=+−  

 
Equating coefficients : 

2s : A1BBA1 −=⎯→⎯+=  
1s : CA3CB3A42- ++=++=  
0s : -6B2B-CB2A44 =⎯→⎯−=++=  

 
7B1A =−=   -12A--5C ==  

 

2)2s(
12

2s
6

1s
7

)s(F
+

−
+

−
+

=  

 
=)t(f -2t-t e)t21(6e7 +−  
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(c) 
5s4s

CBs
3s

A
)5s4s)(3s(

1s
)s(F 22

2

++
+

+
+

=
+++

+
=  

 
)3s(C)s3s(B)5s4s(A1s 222 ++++++=+  

 
Equating coefficients : 

2s : A1BBA1 −=⎯→⎯+=  
1s : -3CACA3CB3A40 =+⎯→⎯++=++=  
0s : 5A2A-9C3A51 =⎯→⎯+=+=  

 
-4A1B =−=   -83A-C =−=  

 

1)2s(
)2s(4

3s
5

1)2s(
8s4

3s
5

)s(F 22 ++
+

−
+

=
++

+
−

+
=  

 
=)t(f )tcos(e4e5 -2t-3t −  
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Chapter 15, Problem 33.  
Calculate the inverse Laplace transform of: 

(a) ( )
1
16

4 −
−

s
s  (b) 

12 +

−

s
se sπ

 (c) 
( )31

8
+ss

 

Chapter 15, Solution 33.  

(a) 
1s

C
1s
BAs

)1s)(1s(
6

1s
)1s(6

)s(F 224 +
+

+
+

=
++

=
−
−

=  

 
)1s(C)1s(B)ss(A6 22 +++++=  

Equating coefficients : 
2s : -CACA0 =⎯→⎯+=  
1s : C-ABBA0 ==⎯→⎯+=  
0s : 3B2BCB6 =⎯→⎯=+=  

-3A = , 3B = ,  3C =  
 

1s
3

1s
3s-

1s
3

1s
33s-

1s
3

)s(F 222 +
+

+
+

+
=

+
+

+
+

=  

=)t(f )t(u))tcos(3)tsin(3e3( -t −+  
 

(b) 
1s

es
)s(F 2

s-

+
=

π

 

=)t(f )t(u)tcos( π−π−  
 

(c) 323 )1s(
D

)1s(
C

1s
B

s
A

)1s(s
8

)s(F
+

+
+

+
+

+=
+

=  

8A = ,  -8D =  
sD)ss(C)ss2s(B)1s3s3s(A8 22323 +++++++++=  

Equating coefficients : 
3s : -ABBA0 =⎯→⎯+=  
2s : B-ACCACB2A30 ==⎯→⎯+=++=  
1s : -ADDADCBA30 =⎯→⎯+=+++=  
0s : 8D,8C,8B,8A −=−=−==  

32 )1s(
8

)1s(
8

1s
8

s
8

)s(F
+

−
+

−
+

−=  

 
=)t(f [ ] )t(uet5.0ete18 -t2-t-t −−−  
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Chapter 15, Problem 34.  
 
Find the time functions that have the following Laplace transforms: 

(a) ( )
4
110 2

2

+
+

+=
s
ssF   (b) ( )

86
4

2

2

++
+

=
−−

ss
eesG

ss

 (c) ( ) ( )
( )( )43

1 2

++
+

=
−

sss
essH

s

 

 
Chapter 15, Solution 34.  
 

(a) 
4s

3
11

4s
34s

10)s(F 22

2

+
−=

+
−+

+=  

 
=)t(f )t2sin(5.1)t(11 −δ  

 

(b) 
)4s)(2s(

e4e
)s(G

-2s-s

++
+

=  

 

Let 
4s

B
2s

A
)4s)(2s(

1
+

+
+

=
++

 

 
21A =  21B =  

 

⎟
⎠
⎞

⎜
⎝
⎛

+
+

+
+⎟
⎠
⎞

⎜
⎝
⎛

+
+

+
=

4s
1

2s
1

e2
4s

1
2s

1
2

e
)s(G 2s-

-s

 

 
=)t(g [ ] [ ] )2t(uee2)1t(uee5.0 2)--4(t2)--2(t-1)-4(t-1)-2(t −−+−−  

 

(c) Let 
4s

C
3s

B
s
A

)4s)(3s(s
1s

+
+

+
+=

++
+

 

 
121A = , 32B = , 43-C =  

 
2s-e

4s
43

3s
32

s
1

12
1

)s(H ⎟
⎠
⎞

⎜
⎝
⎛

+
−

+
+⋅=  

 

=)t(h )2t(ue
4
3

e
3
2

12
1 2)-4(t-2)-3(t- −⎟

⎠
⎞

⎜
⎝
⎛

−+  
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Chapter 15, Problem 35.  

Obtain f(t) for the following transforms: 

(a) ( ) ( )
( )( )21

3 6

++
+

=
−

ss
essF

s

 (b) ( )
45

4
2

2

++
−

=
−

ss
esF

s

 (c) ( ) ( )( )43 2 ++
=

−

ss
sesF

s

 

 
Chapter 15, Solution 35.  
 

(a) Let 
2s

B
1s

A
)2s)(1s(

3s
)s(G

+
+

+
=

++
+

=  

 
2A = ,  -1B =  

 
2t-t- ee2)t(g

2s
1

1s
2

)s(G −=⎯→⎯
+

−
+

=  

 
)6t(u)6t(g)t(f)s(Ge)s(F -6s −−=⎯→⎯=  

 
=)t(f [ ] )6t(uee2 6)--2(t6)--(t −−  

 

(b) Let 
4s

B
1s

A
)4s)(1s(

1
)s(G

+
+

+
=

++
=  

 
31A = , 31-B =  

 

)4s(3
1

)1s(3
1

)s(G
+

−
+

=  

 

[ ]4t-t- ee
3
1

)t(g −=  

 
)s(Ge)s(G4)s(F -2t−=  

 
)2t(u)2t(g)t(u)t(g4)t(f −−−=  

=)t(f [ ] [ ] )2t(uee
3
1

)t(uee
3
4 2)-4(t-2)-(t-4t-t- −−−−  
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(c) Let 
4s
CBs

3s
A

)4s)(3s(
s

)s(G 22 +
+

+
+

=
++

=  

 
133-A =  

 
)3s(C)s3s(B)4s(As 22 +++++=  

 
Equating coefficients : 

2s : -ABBA0 =⎯→⎯+=  
1s : CB31 +=  
0s : C3A40 +=  

 
133-A = , 133B = , 134C =  

 

4s
4s3

3s
3-

)s(G13 2 +
+

+
+

=  

 
)t2sin(2)t2cos(3e-3)t(g13 -3t ++=  

 
)s(Ge)s(F -s=  

 
)1t(u)1t(g)t(f −−=  

=)t(f [ ] )1t(u))1t(2sin(2))1t(2cos(3e3-
13
1 1)-3(t- −−+−+  
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Chapter 15, Problem 36.  

 

Obtain the inverse Laplace transforms of the following functions: 

(a) ( ) ( )( )32
1

2 ++
=

sss
sX  

(b) ( )
( )21

1
+

=
ss

sY  

(c) ( ) ( )( )1061
1

2 +++
=

ssss
sZ  

 
 
 
Chapter 15, Solution 36.  
 

(a) 
3s

D
2s

C
s
B

s
A

)3s)(2s(s
1

)s(X 22 +
+

+
++=

++
=  

 
61B = , 41C = , 91-D =  

 
)s2s(D)s3s(C)6s5s(B)s6s5s(A1 2323223 +++++++++=  

 
Equating coefficients : 

3s : DCA0 ++=  
2s : CBA3D2C3BA50 ++=+++=  
1s : B5A60 +=  
0s : 61BB61 =⎯→⎯=  

 
365-B65-A ==  

 

3s
91

2s
41

s
61

s
365-

)s(X 2 +
−

+
++=  

 

=)t(x 3t-2t- e
9
1

e
4
1

t
6
1

)t(u
36

5-
−++  
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(b) 22 )1s(
C

1s
B

s
A

)1s(s
1

)s(Y
+

+
+

+=
+

=  

1A = ,  1-C =  
 

sC)ss(B)1s2s(A1 22 +++++=  
 
Equating coefficients : 

2s : -ABBA0 =⎯→⎯+=  
1s : -ACCACBA20 =⎯→⎯+=++=  
0s : -1C-1,B,A1 ===  

 

2)1s(
1

1s
1

s
1

)s(Y
+

−
+

−=  

 
=)t(y -t-t ete)t(u −−  

 

(c) 
10s6s

DCs
1s

B
s
A

)s(Z 2 ++
+

+
+

+=  

 
101A = , 51-B =  

 
)ss(D)ss(C)s10s6s(B)10s16s7s(A1 2232323 ++++++++++=  

 
Equating coefficients : 

3s : CBA0 ++=  
2s : DB5A6DCB6A70 ++=+++=  
1s : A2-BB5A10DB10A160 =⎯→⎯+=++=  
0s : 101AA101 =⎯→⎯=  

 

101A = , 51--2AB == , 101AC == ,  
10
4

A4D ==  

 

10s6s
4s

1s
2

s
1

)s(Z10 2 ++
+

+
+

−=  

1)3s(
1

1)3s(
3s

1s
2

s
1

)s(Z10 22 ++
+

++
+

+
+

−=  

 
=)t(z [ ] )t(u)tsin(e)tcos(ee211.0 -3t-3t-t ++−  
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Chapter 15, Problem 37.  
 
Find the inverse Laplace transform of: 

(a) ( ) ( )2
4
+
+

=
ss
ssH  

(b) ( ) ( )( )223
54

2

2

+++
++

=
sss

sssG  

(c) ( )
2

4

+
=

−

s
esF

s

 

(d) ( ) ( )( )41
10

22 ++
=

ss
ssD  

 

 

 

 

Chapter 15, Solution 37. 
 
 
 

(a)  4( )
( 2) 2
s A BH s

s s s s
+

= = +
+ +

 

 
s+4 =A(s+2) + Bs 
Equating coefficients, 
s:     1 = A + B 
constant:   4= 2 A           A =2,  B=1-A = -1 
 

 2 1( )
2

H s
s s

= −
+

 

 2 2( ) 2 ( ) ( ) (2 ) ( )t th t u t e u t e u t− −= − = −  
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(b)     2( )
3 2 2

A Bs CG s
s s s

+
= +

+ + +
 

 
 2 24 5 ( )( 3) ( 2 2)s s Bs C s A s s+ + = + + + + +  
Equating coefficients, 
s2:       1= B + A   (1) 
s:               4 = 3B + C + 2A             (2) 
Constant:   5 =3C + 2A  (3) 
 
Solving (1) to (3) gives 

 2 3 7, ,
5 5 5

A B C= = =  

 2 2

0.4 0.6 1.4 0.4 0.6( 1) 0.8( )
3 2 2 3 ( 1) 1

s sG s
s s s s s

+ + +
= + = +

+ + + + + +
 

3( ) 0.4 0.6 cos 0.8 sint t tg t e e t e t− − −= + +  
 
 
(c)  2( 4)( ) ( 4)tf t e u t− −= −  
 
 

(d) 2 2 2 2

10( )
( 1)( 4) 1 4

s As B Cs DD s
s s s s

+ +
= = +

+ + + +
 

 
 2 210 ( 4)( ) ( 1)( )s s As B s Cs D= + + + + +  
Equating coefficients, 
s3 : 0 = A + C 
s2 : 0 = B + D 
s: 10 = 4A + C 
constant:   0  = 4B+D 
Solving these leads to 
  A = -10/3,  B = 0,  C = -10/3, D = 0 

 2 2

10 / 3 10 / 3( )
1 4

s sD s
s s

== −
+ +

 

 10 10( ) cos cos 2
3 3

d t t t= −  
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Chapter 15, Problem 38.  
 
Find f(t) given that: 

(a) ( )
2610

4
2

2

++
+

=
ss

sssF  

(b) ( ) ( )294
2975

2

2

++
++

=
sss
sssF  

 
Chapter 15, Solution 38.  
 

(a) 
26s10s

26s626s10s
26s10s

s4s
)s(F 2

2

2

2

++
−−++

=
++

+
=  

26s10s
26s6

1)s(F 2 ++
+

−=  

2222 1)5s(
4

1)5s(
)5s(6

1)s(F
++

+
++

+
−=  

 
=)t(f )t5sin(e4)t5cos(e6)t( -t-t +−δ  

 

(b) 
29s4s

CBs
s
A

)29s4s(s
29s7s5

)s(F 22

2

++
+

+=
++
++

=  

 
sCsB)29s4s(A29s7s5 222 ++++=++  

 
Equating coefficients : 

0s : 1AA2929 =⎯→⎯=  
1s : 3A47CCA47 =−=⎯→⎯+=  
2s : 4A5BBA5 =−=⎯→⎯+=  

 
1A = ,  4B = ,  3C =  

 

22222 5)2s(
5

5)2s(
)2s(4

s
1

29s4s
3s4

s
1

)s(F
++

−
++

+
+=

++
+

+=  

 
=)t(f )t5sin(e)t5cos(e4)t(u -2t-2t −+  
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Chapter 15, Problem 39.  
 
*Determine f(t) if: 

(a) ( ) ( )( )204172
142

22

23

++++
++

=
ssss

sssF  

(b) ( ) ( )( )369
4

22

2

+++
+

=
sss

ssF  

 
* An asterisk indicates a challenging problem. 
 
 
Chapter 15, Solution 39.  
 

(a) 
20s4s

DCs
17s2s

BAs
)20s4s)(17s2s(

1s4s2
)s(F 2222

23

++
+

+
++

+
=

++++
++

=  

 
)20s4s(B)s20s4s(A1s4s 22323 +++++=++  

 )17s2s(D)s17s2s(C 223 ++++++  
Equating coefficients : 

3s : CA2 +=  
2s : DC2BA44 +++=  
1s : D2C17B4A200 +++=  
0s : D17B201 +=  

 
Solving these equations (Matlab works well with 4 unknowns), 

-1.6A = , -17.8B = , 6.3C = , 21D =  
 

20s4s
21s6.3

17s2s
17.81.6s-

)s(F 22 ++
+

+
++

−
=  

22222222 4)2s(
)4((3.45)

4)2s(
)2(3.6)(s

4)1s(
)4((-4.05)

4)1s(
1)(-1.6)(s

)s(F
++

+
++
+

+
++

+
++
+

=  

 
=)t(f )t4sin(e45.3)t4cos(e6.3)t4sin(e05.4)t4cos(e6.1- -2t-2t-t-t ++−  
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(b) 
3s6s

DCs
9s
BAs

)3s6s)(9s(
4s

)s(F 2222

2

++
+

+
+
+

=
+++

+
=  

 
)9s(D)s9s(C)3s6s(B)s3s6s(A4s 232232 +++++++++=+  

 
Equating coefficients : 

3s : -ACCA0 =⎯→⎯+=  
2s : DBA61 ++=  
1s : A-CBC6B6C9B6A30 ==⎯→⎯+=++=  
0s : D9B34 +=  

 
Solving these equations, 

121A = , 121B = , 121-C = , 125D =  
 

3s6s
5s-

9s
1s

)s(F12 22 ++
+

+
+
+

=  

 

5.449--0.551,
2

12-366-
03s6s2 =

±
⎯→⎯=++  

 

Let 
449.5s

F
551.0s

E
3s6s

5s-
)s(G 2 +

+
+

=
++

+
=  

 
 

133.1
449.5s
5s-

E -0.551s =
+

+
= =  

2.133- 
551.0s
5s-

F -5.449s =
+

+
= =  

 

449.5s
133.2

551.0s
133.1

)s(G
+

−
+

=  

 

449.5s
133.2

551.0s
133.1

3s
3

3
1

3s
s

)s(F12 2222 +
−

+
+

+
⋅+

+
=  

 
=)t(f -5.449t-0.551t e1778.0e0944.0)t3sin(02778.0)t3cos(08333.0 −++  
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Chapter 15, Problem 40.  
 
Show that 

 ( )( ) ( )[ ] ( )tuete
sss

ssL tt 2
2

2
1 3452cos2

522
1374 −−− +°+=⎥

⎦

⎤
⎢
⎣

⎡
+++

++  

 
 
 
 
 
Chapter 15, Solution 40.  
 
 

Let 
5s2s

CBs
2s

A
)5s2s)(2s(

13s7s4)s(H 22

2

++

+
+

+
=

⎥
⎥
⎦

⎤

⎢
⎢
⎣

⎡

+++

++
=  

)2s(C)s2s(B)5s2s(A13s7s4 222 ++++++=++  
 
Equating coefficients gives: 

BA4:s2 +=  

1CCB2A27:s −=⎯→⎯++=  

1B  3,Aor   15A5C2A513:constant ===⎯→⎯+=  
 

 222 2)1s(
2)1s(

2s
3

5s2s
1s

2s
3)s(H

++

−+
+

+
=

++

−
+

+
=

 
Hence, 
 

)t2sinsinAt2coscosA(ee3t2sinet2cosee3)t(h tt2ttt2 α−α+=−+= −−−−−  

where  o45,2A1sinA,1cosA =α=⎯→⎯=α=α  
 
Thus, 
 

[ ] )t(ue3)45t2cos(e2)t(h t2ot −− ++=  
 
 
 



PROPRIETARY MATERIAL.  © 2007 The McGraw-Hill Companies, Inc.  All rights reserved.  No part 
of this Manual may be displayed, reproduced or distributed in any form or by any means, without the prior 
written permission of the publisher, or used beyond the limited distribution to teachers and educators 
permitted by McGraw-Hill for their individual course preparation.  If you are a student using this Manual, 
you are using it without permission. 
 

Chapter 15, Problem 41.  
 
* Let x(t) and y(t) be as shown in Fig. 15.36. Find ( ) ( ) ( )tytxtz *= . 

  

 
Figure 15.36 
For Prob. 15.41. 
 
* An asterisk indicates a challenging problem. 
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Chapter 15, Solution 41. 
 
We fold x(t) and slide on y(t).  For t<0, no overlapping as shown below.  x(t) =0. 
 

y(λ ) 
 

   4 
 
                           
 
 
                                                                    0      2        4      6         8               λ    
                                                              t 
 

   -4 
 
 
For 0 < t < 2, there is overlapping, as shown below. 
 
 

y(λ ) 
 

   4 
 
                           
 
 
                                                                    0    t  2        4      6         8               λ    
                                                               
 

   -4 
 

0

( ) (2)(4) 8
t

z t dt t= =∫  
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For  2 < t < 6, the two functions overlap, as shown below. 
 

y(λ ) 
 

   4 
 
                           
 
 
                                                                    0      2      t 4      6         8               λ    
                                                              t 
 

   -4 
 
 
 

 
2

0 0

( ) (2)(4) (2)( 4) 16 8
t

z t d d tλ λ= + − = −∫ ∫  

 
 
For 6<t<8, they overlap as  shown below. 
 
 

y(λ ) 
 

   4 
 
                           
 
 
                                                                    0      2        4      6       t  8               λ    
                                                               
 

   -4 
 
 

2 6

6 2 6

2 6
( ) (2)(4) (2)( 4) (2)(4) 8 8 8 16

6 2 6

t

t

t
z t d d d

t
λ λ λ λ λ λ

−

= + − + = − + = −
−∫ ∫ ∫  
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For 8< t <12, they overlap as shown below. 
y(λ ) 

 
   4 
 
                           
 
 
                                                                             0      2        4      6        8       10 t    12   λ    
                                                               
 

   -4 
 
 

6 8

6 6

6 8
( ) (2)( 4) (2)(4) 8 8 8 80

6 6t

z t d d t
t

λ λ λ λ
−

= − + = − + = −
−∫ ∫  

 
For 12 < t < 14, they overlap as shown below. 
 

y(λ ) 
 

   4 
 
                           
 
 
                                                                             0      2        4      6        8       10     12  t λ    
                                                               
 

   -4 
 

8

6

8
( ) (2)(4) 8 112 8

6t

z t d t
t

λ λ
−

= = = −
−∫  

 
Hence, 

z(t) = 8t,  0<t<2 
16–8t,  2<t<6 
–16,  6<t<8 
8t–80,  8<t<12 
112–8t, 12<t<14 
0,  otherwise. 
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Chapter 15, Problem 42.  
 
Suppose that ( ) ( ) ( )2−−= tututf . Determine ( ) ( )tftf * . 
 

Chapter 15, Solution 42. 
 
For 0<t<2, the signals overlap as shown below. 
 
 
                                                     1 
 
 
 
 
                                   t-2                0     t               2      λ        
 
 
 

0

( ) ( )* ( ) (1)(1)
t

y t f t f t d tλ= = =∫  

For  2 < t< 4, they overlap  as shown below. 
 
 
                                                     1 
 
 
 
 
                                                        0             t-2      2                t      λ  
 
 

 
2

2

2
( ) (1)(1) 4

2t

y t d t t
t

λ
−

= = = −
−∫  

 
Thus, 

, 0 2
( ) 4 , 2 4

0, otherwise

t t
y t t t

⎧ < <
⎪

= − < <⎨
⎪
⎩
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Chapter 15, Problem 43.  
 
Find ( ) ( ) ( )thtxty *=  for each paired x(t) and h(t) in Fig. 15.37. 

  

 
Figure 15.37 
For Prob. 15.43. 
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Chapter 15, Solution 43.  
 
 

(a) For 1t0 << , )t(x λ−  and )(h λ  overlap as shown in Fig. (a). 

2
t

2
d))(1()t(h)t(x)t(y

2
t
0

2t

0
=

λ
=λλ=∗= ∫  

For 2t1 << , )t(x λ−  and )(h λ  overlap as shown in Fig. (b). 

1t2t
2
1-

2
d)1)(1(d))(1()t(y 2t

1
1

1t

2t

1

1

1t
−+=λ+

λ
=λ+λλ= −−

∫∫  

 
For 2t > , there is a complete overlap so that 

1)1t(td)1)(1()t(y t
1t

t

1t
=−−=λ=λ= −−

∫  
 
Therefore, 

=)t(y

⎪
⎪
⎩

⎪
⎪
⎨

⎧

>
<<−+
<<

otherwise,0
2t,1

2t1,1t2)2t(-
1t0,2t

2

2

 

 
 
 
 
 
 
 
 
 
 
 
 
 

0

(b) 

1 t t-1 λ 

1

0

(a)

x(t - λ) 

h(λ)

1tt-1 λ

1 
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(b) For 0t > , the two functions overlap as shown in Fig. (c). 
t
0

-t

0
- e-2de2)1()t(h)t(x)t(y λλ =λ=∗= ∫  

Therefore, 
 =)t(y 0t),e1(2 -t >−  
 

(c) For 0t1- << , )t(x λ−  and )(h λ  overlap as shown in Fig. (d). 

21t
0

21t

0
)1t(

2
1

2
d))(1()t(h)t(x)t(y +=

λ
=λλ=∗= +

+∫  

For 1t0 << , )t(x λ−  and )(h λ  overlap as shown in Fig. (e). 

∫∫ +
λλ−+λλ=

1t

1

1

0
d)2)(1(d))(1()t(y  

2
1

tt
2
1-

2
2

2
)t(y 21t

1

2
1
0

2

++=⎟
⎠
⎞

⎜
⎝
⎛ λ

−λ+
λ

= +  

(c) 

x(t-λ)

0 t λ

h(λ) = 2e-λ

1

2

0

(e) 

1-1 t-1 λ

1 

t+1 2t

0

(d)

x(t - λ) h(λ)

1tt-1 λ 

1 

t+1-1 2
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For 2t1 << , )t(x λ−  and )(h λ  overlap as shown in Fig. (f). 

∫∫ λλ−+λλ=
−

2

1

1

1t
d)2)(1(d))(1()t(y  

2
1

tt
2
1-

2
2

2
)t(y 22

1

2
1

1t

2

++=⎟
⎠
⎞

⎜
⎝
⎛ λ

−λ+
λ

= −  

 
For 3t2 << , )t(x λ−  and )(h λ  overlap as shown in Fig. (g). 

22
1t

22

1t
t

2
1

t3
2
9

2
2d)2)(1()t(y +−=⎟

⎠
⎞

⎜
⎝
⎛ λ

−λ=λλ−= −−
∫  

 
 
Therefore, 

=)t(y

⎪
⎪
⎩

⎪
⎪
⎨

⎧

<<+−
<<++
<<++

otherwise,0
3t2,29t3)2t(
2t0,21t)2t(-
0t1-,21t)2t(

2

2

2

 

 
 
 
 
 
 

t+10

(f) 

1t-1 λ2t

1

t+10

(g)

1 t-1 λ 2 t

1 
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Chapter 15, Problem 44.  
 
Obtain the convolution of the pairs of signals in Fig. 15.38. 
  

 
Figure 15.38 
For Prob. 15.44. 
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Chapter 15, Solution 44.  
 

(a) For 1t0 << , )t(x λ−  and )(h λ  overlap as shown in Fig. (a). 

td)1)(1()t(h)t(x)t(y
t

0
=λ=∗= ∫  

For 2t1 << , )t(x λ−  and )(h λ  overlap as shown in Fig. (b). 

t23d)1)(1-(d)1)(1()t(y t
1

1
1t

t

1

1

1t
−=λ−λ=λ+λ= −−

∫∫  
 
For 3t2 << , )t(x λ−  and )(h λ  overlap as shown in Fig. (c). 

3t-d)-1)(1()t(y 2
1t

2

1t
−=λ=λ= −−

∫  

 
Therefore, 

=)t(y

⎪
⎪
⎩

⎪
⎪
⎨

⎧

<<−
<<−
<<

otherwise,0
3t2,3t
2t1,t23
1t0,t

 

 

0

(a)

1t-1 λ2t

-1

1x(t - λ) h(λ)

0

(c) 

1 t-1 λ2 t 

-1

1

0 

(b)

1 t-1 λ2t

-1 

1 
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(b) For 2t < , there is no overlap.  For 3t2 << , )t(f1 λ−  and )(f2 λ  overlap, 
as shown in Fig. (d). 

∫ λλ−=∗=
t

221 d)t)(1()t(f)t(f)t(y  

        2t2
2
t

2
t

2
t
2

2

+−=⎟⎟
⎠

⎞
⎜⎜
⎝

⎛ λ
−λ=  

For 5t3 << , )t(f1 λ−  and )(f2 λ  overlap as shown in Fig. (e). 

2
1

2
td)t)(1()t(y t

1t

2t

1t
=⎟

⎠
⎞

⎜
⎝
⎛ λ

−λ=λλ−= −−
∫  

For 6t5 << , the functions overlap as shown in Fig. (f). 
 

 
 

Therefore, =)t(y

⎪
⎪
⎩

⎪
⎪
⎨

⎧

<<−+
<<
<<+−

otherwise,0
6t5,12t5)2t(-
5t3,21
3t2,2t2)2t(

2

2

 

0 

(d)

f1(t - λ) f2(λ) 

λ 2 3 4 51 

1 

tt-1

0 

(e) 
λ 2 3 4 51 

1 

tt-1

0 

(f) 
λ 2 3 4 51 

1 

t t-1

125
2
1-

2
))(1()( 25

1

25

1
−+=⎟⎟

⎠

⎞
⎜⎜
⎝

⎛
−=−= −−∫ tttdtty tt

λλλλ
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Chapter 15, Problem 45.  
 

Given ( ) ( )tueth t24 −=  and ( ) ( ) ( )tuettx t22 −−= δ , find ( ) ( ) ( )thtxty *= . 
 

Chapter 15, Solution 45. 
 

2 2( ) ( )* ( ) 4 ( ) * ( ) 2 ( )t ty t h t x t e u t t e u tδ− −⎡ ⎤ ⎡ ⎤= = −⎣ ⎦ ⎣ ⎦  

        2 2 2 2 2

0

4 ( )* ( ) 4 ( )*2 ( ) 4 ( ) 8
t

t t t t t oe u t t e u t e u t e u t e e dδ λ− − − − −= − = − ∫  

         2 24 ( ) 8 ( )t te u t te u t− −= −  
 
 
Chapter 15, Problem 46.  
 
Given the following functions 

( ) ( )ttx δ2= ,  ( ) ( )tuty 4= ,  ( ) ( )tuetz t2−= , 

evaluate the following convolution operations. 
(a) ( ) ( )tytx *  
(b) ( ) ( )tztx *  
(c) ( ) ( )tzty *  
(d) ( ) ( ) ( )[ ]tztyty +*  
 

Chapter 15, Solution 46. 
 

(a)  ( )* ( ) 2 ( )*4 ( ) 8 ( )x t y t t u t u tδ= =  

(b)  2 2( )* ( ) 2 ( )* ( ) 2 ( )t tx t z t t e u t e u tδ − −= =  

(c )   
2

2 2 2

0

4( )* ( ) 4 ( )* ( ) 4 2(1 )
02

t
t ttey t z t u t e u t e d e

λ
λ λ

−
− − −= = = = −

−∫  

(d)  2 2( )*[ ( ) ( )] 4 ( )*[4 ( ) ( )] 4 [4 ( ) ( )]ty t y t z t u t u t e u t u e u dλλ λ λ− −+ = + = +∫  

 
2

2 2

0

4 [4 ] 4[4 ] 16 2 2
02

t
ttee d t t e

λ
λ λ

−
− −= + = + = − +

−∫  
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Chapter 15, Problem 47.  
 
A system has the transfer function 

( ) ( )( )21 ++
=

ss
ssH  

(a) Find the impulse response of the system. 
(b) Determine the output y(t), given that the input is ( ) ( )tutx =  
 

 

 

Chapter 15, Solution 47. 
 

(a)  ( )
( 1)( 2) 1 2

s A BH s
s s s s

= = +
+ + + +

 

 s=A(s+2)  + B(s+1) 
We equate the coefficients. 
 

s:          1= A+B 
constant:    0 =2A +B 

 
Solving these,  A = -1,  B= 2. 
 

 1 2( )
1 2

H s
s s
−

= +
+ +

 

 2( ) ( 2 ) ( )t th t e e u t− −= − +  

(b) ( ) 1( ) ( ) ( ) ( )
( ) ( 1)( 2)

Y s sH s Y s H s X s
X s s s s

= ⎯⎯→ = =
+ +

 

1( )
( 1)( 2) 1 2

C DY s
s s s s

= = +
+ + + +

 

 
C=1 and D=-1  so that 

 1 1( )
1 2

Y s
s s

= −
+ +

 

 
 2( ) ( ) ( )t ty t e e u t− −= −  
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Chapter 15, Problem 48.  
 
Find f(t) using convolution given that: 

(a) ( )
( )22 52

4
++

=
ss

sF  

 

(b) ( ) ( )( )41
2

2 ++
=

ss
ssF  
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Chapter 15, Solution 48.  

(a) Let 222 2)1s(
2

5s2s
2

)s(G
++

=
++

=  

)t2sin(e)t(g -t=  
 

)s(G)s(G)s(F =  
 

[ ] λλ−λ== ∫ d)t(g)(g)s(G)s(G)t(f
t

0
1-L  

 

∫ λλ−λ= λ−λ
t

0
)t(-- d))t(2sin(e)2sin(e)t(f  

[ ])BAcos()BAcos(
2
1

)Bsin()Asin( +−−=  

[ ]∫ λλ−−= λ
t

0
-t- d))2t(2cos()t2cos(ee

2
1

)t(f  

∫∫ λλ−−λ= λλ
t

0
2-

-tt

0
2-

-t

d)4t2cos(e
2
e

de)t2cos(
2
e

)t(f  

 

[ ]∫ λλ+λ−⋅= λ
λ t

0
2-

-t
t
0

-2-t

d)4sin()t2sin()4cos()t2cos(e
2
e

2-
e

)t2cos(
2

e
)t(f  

∫ λλ−+= λ
t

0
2-

-t
t2-t- d)4cos(e)t2cos(

2
e

)1e-()t2cos(e
4
1

)t(f  

 ∫ λλ− λ
t

0
2-

-t

d)4sin(e)t2sin(
2
e

 

)e1()t2cos(e
4
1

)t(f t2-t- −=  

( ) t
0

-2-t

)4sin(4)2cos(4-
164

e
)t2cos(

2
e

⎥⎦
⎤

⎢⎣
⎡

λ−λ
+

−
λ

 

( ) t
0

-2-t

)4cos(4)2sin(4-
164

e
)t2sin(

2
e

⎥⎦
⎤

⎢⎣
⎡

λ+λ
+

−
λ

 

 

=)t(f )t4cos()t2cos(
20
e

)t2cos(
20
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(b) Let 
1s

2
)s(X

+
= ,  

4s
s

)s(Y
+

=  

 
)t(ue2)t(x -t= ,  )t(u)t2cos()t(y =  

 
)s(Y)s(X)s(F =  

 
[ ] ∫∞ λλ−λ==

0
1- d)t(x)(y)s(Y)s(X)t(f L  

∫ λ⋅λ= λ−
t

0
)(t- de2)2cos()t(f  

( ) t
0

t- )2sin(2)2cos(
41

e
e2)t(f λ+λ

+
⋅=

λ

 

( )[ ]1)t2sin(2)t2cos(ee
5
2

)t(f tt- −+=  

=)t(f t-e
5
2
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5
4
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5
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Chapter 15, Problem 49.  
 
* Use the convolution integral to find: 

(a) ( )tuet at*  
(b) ( ) ( ) ( )tutt cos*cos  

 
 
 
* An asterisk indicates a challenging problem. 
 
 
 

Chapter 15, Solution 49. 
 

(a)  t*eαtu(t) =  

∫ −−−−=−λ−=λλ−
λλ

λt
0 2

at

2
at

t

0
2

at

0

a
a )1at(

a
e

a
1)1e(

a
t)1a(

a
e

a
etd)t(e  

 
 

(b)  
0 0

cos *cos ( ) cos cos( ) {cos cos cos sin sin cos }
t t

t tu t t d t t dλ λ λ λ λ λ λ λ= − = +∫ ∫  

 

0 0

1 1 sin 2 coscos [1 cos 2 ] sin cos ( cos ) cos [ ] sin
0 02 2 2 2

t t t t
t d t d t tλ λλ λ λ λ λ

⎡ ⎤⎡ ⎤
= + + − = + −⎢ ⎥⎢ ⎥

⎢ ⎥⎣ ⎦ ⎣ ⎦
∫ ∫

 
= 0.5cos(t)(t+0.5sin(2t)) – 0.5sin(t)(cos(t) – 1). 
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Chapter 15, Problem 50.  
Use the Laplace transform to solve the differential equation 

( ) ( ) ( ) ttv
dt

tdv
dt

tvd 2cos3102
2

2

=++  

subject to ( ) ( ) 2/0,10 −== dtdvv . 
 
Chapter 15, Solution 50.  
 
Take the Laplace transform of each term.   

[ ] [ ]
4s

s3
)s(V10)0(v)s(Vs2)0(v)0(vs)s(Vs 2

2

+
=+−+′−−  

4s
s3

)s(V102)s(Vs22s)s(Vs 2
2

+
=+−++−  

4s
s7s

4s
s3

s)s(V)10s2s( 2

3

2
2

+
+

=
+

+=++  

10s2s
DCs

4s
BAs

)10s2s)(4s(
s7s

)s(V 2222

3

++
+

+
+
+

=
+++

+
=  

 
)4s(D)s4s(C)10s2s(B)s10s2s(As7s 232233 +++++++++=+  

 
Equating coefficients : 

3s : A1CCA1 −=⎯→⎯+=  
2s : DBA20 ++=  
1s : 4B2A6C4B2A107 ++=++=  
0s : B-2.5DD4B100 =⎯→⎯+=  

 
Solving these equations yields 

26
9

A = , 
26
12

B = , 
26
17

C = , 
26
30-

D =  

 

⎥⎦
⎤

⎢⎣
⎡
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−

+
+
+

=
10s2s

30s17
4s

12s9
26
1

)s(V 22  

⎥⎦

⎤
⎢⎣

⎡
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−
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+
⋅+

+
⋅+

+
= 222222 3)1s(

47
3)1s(

1s
17

4s
2

6
4s

s9
26
1
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=)t(v )t3sin(e
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)t3cos(e
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)t2sin(
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6

)t2cos(
26
9 t-t- −++  

 



PROPRIETARY MATERIAL.  © 2007 The McGraw-Hill Companies, Inc.  All rights reserved.  No part 
of this Manual may be displayed, reproduced or distributed in any form or by any means, without the prior 
written permission of the publisher, or used beyond the limited distribution to teachers and educators 
permitted by McGraw-Hill for their individual course preparation.  If you are a student using this Manual, 
you are using it without permission. 
 

Chapter 15, Problem 51.  
 
Given that ( ) 20 =v  and ( ) 4/0 =dtdv , solve 

 

( )tuev
dt
dv

dt
vd t−=++ 10652

2

 

 
 
 
 
 
 
 
Chapter 15, Solution 51.  
 
Taking the Laplace transform of the differential equation yields 
 

[ ] [ ]
1s

10)s(V6)]0(v)s(sV5)0('v)0(sv)s(Vs2
+

=+−+−−  

or  ( )
)3s)(2s)(1s(

24s16s2)s(V
1s

10104s2)s(V6s5s
2

2
+++

++
=⎯→⎯

+
=−−−++  

Let  3C,0B,5A,
3s

C
2s

B
1s

A)s(V −===
+

+
+

+
+

=  

 
Hence, 

)t(u)e3e5()t(v t3t −− −=  
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Chapter 15, Problem 52.  
 
Use the Laplace transform to find i(t) for 0>t  if 
 

( ) 0232

2

=+++ ti
dt
di

dt
id δ , 

 
( ) 00 =i , ( ) 30' =i   

 
 
 
Chapter 15, Solution 52.  
 
Take the Laplace transform of each term. 

 
[ ] [ ] 01)s(I2)0(i)s(Is3)0(i)0(is)s(Is2 =++−+′−−  
 

0133s)s(I)2s3s( 2 =+−−−++  
 

2s
B

1s
A

)2s)(1s(
5s

)s(I
+

+
+

=
++

+
=  

 
4A = ,  3-B =  

 

2s
3

1s
4

)s(I
+

−
+

=  

 
=)t(i )t(u)e3e4( -2t-t −  
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Chapter 15, Problem 53.  
 
* Use Laplace transforms to solve for x(t) in 

( ) ( ) λλλ dxettx t
t

−∫+=
0

cos  

  
 
* An asterisk indicates a challenging problem. 
 
 
Chapter 15, Solution 53. 
 
Transform each term. 
 
We begin by noting that the integral term can be rewritten as, 

 

∫ λλ λ−−t
0

)t( de)(x  which is convolution and can be written as e–t*x(t). 

 
Now, transforming each term produces, 
 

X(s) = 
1s

s)s(X
1s

11s)s(X
1s

1
1s

s
22 +

=⎟
⎠
⎞

⎜
⎝
⎛

+
−+

→
+

+
+

 

 

1s
1

1s
s

1s
1s)s(X 222 +

+
+

=
+

+
=  

 
x(t) = cos(t) + sin(t). 

 
If partial fraction expansion is used we obtain, 
 

x(t) = 1.4141cos(t–45˚). 
 
This is the same answer and can be proven by using trigonometric identities. 
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Chapter 15, Problem 54.  
 
Using the Laplace transform, solve the following differential equation for  

tei
dt
di

dt
id 2
2

2

254 −=++  

Subject to ( ) ( ) 20,00 =′= ii . 
 
 
Chapter 15, Solution 54. 
 
Taking the Laplace transform of each term gives 

 

[ ]2 2( ) (0) '(0) 4 ( ) (0) 5 ( )
2

s I s si i sI s i I s
s

⎡ ⎤− − + − + =⎣ ⎦ +
 

[ ]2 2( ) 0 2 4 ( ) 0 5 ( )
2

s I s sI s I s
s

⎡ ⎤− − + − + =⎣ ⎦ +
 

 

 2 2 2 6( )( 4 5) 2
2 2

sI s s s
s s

+
+ + = + =

+ +
 

 2 2

2 6( )
( 2)( 4 5) 2 4 5

s A Bs CI s
s s s s s s

+ +
= = +

+ + + + + +
 

 2 22 6 ( 4 5) ( 2 ) ( 2)s A s s B s s C s+ = + + + + + +  
 
We equate the coefficients. 

 
s2 : 0 = A+ B 
s: 2= 4A + 2B + C 
constant:   6 = 5A + 2C 

 
Solving these gives 
 A = 2, B= -2,  C = -2 
 

 2 2 2

2 2 2 2 2( 2) 2( )
2 4 5 2 ( 2) 1 ( 2) 1

s sI s
s s s s s s

+ +
= − = − +

+ + + + + + + +
 

 
Taking the inverse  Laplace  transform leads to: 
 

( )2 2 2 2( ) 2 2 cos 2 sin ( ) 2 (1 cos sin ) ( )t t t ti t e e t e t u t e t t u t− − − −= − + = − +  
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Chapter 15, Problem 55.  
 
Solve for y(t) in the following differential equation if the initial conditions are zero. 

te
dt
dy

dt
yd

dt
yd t 2cos86 2

2

3

3
−++  

 
 
Chapter 15, Solution 55.  
 
Take the Laplace transform of each term. 

 
[ ] [ ])0(y)0(ys)s(Ys6)0(y)0(ys)0(ys)s(Ys 223 ′−−+′′−′−−  

 [ ] 22 2)1s(
1s)0(y)s(Ys8
++

+
=−+  

 
Setting the initial conditions to zero gives 
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+
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+
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+
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40
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s
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Chapter 15, Problem 56.  
 
Solve for ( )tv  in the integrodifferential equation 

 

0124 =+ ∫ ∞−
dtv

dt
dv t

 

 
Given that ( ) 20 =v .  
 
 
 
 
 
Chapter 15, Solution 56.  
 
Taking the Laplace transform of each term we get: 

 

[ ] 0)s(V
s

12
)0(v)s(Vs4 =+−  

 

8)s(V
s

12
s4 =⎥⎦

⎤
⎢⎣
⎡
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3s
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12s4
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)s(V 22 +
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+
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=)t(v ( )t3cos2  
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Chapter 15, Problem 57.  
 
Solve the following integrodifferential equation using the Laplace transform method: 

( ) ( ) tdy
dt

tdy t
2cos9

0
=+ ∫ ττ ,  ( ) 10 =y  

 
 
Chapter 15, Solution 57.  
 
Take the Laplace transform of each term. 

 

[ ]
4s

s
)s(Y

s
9

)0(y)s(Ys 2 +
=+−  

 

4s
4ss

4s
s

1)s(Y
s

9s
2

2

2

2

+
++

=
+

+=⎟
⎠
⎞

⎜
⎝
⎛ +

 

 

9s
DCs

4s
BAs

)9s)(4s(
s4ss

)s(Y 2222

23

+
+

+
+
+

=
++

++
=  

 
)4s(D)s4s(C)9s(B)s9s(As4ss 232323 +++++++=++  

 
Equating coefficients : 

0s : D4B90 +=  
1s : C4A94 +=  
2s : DB1 +=  
3s : CA1 +=  

 
Solving these equations gives 

 
0A = ,  54-B = , 1C = ,  59D =  

 

9s
59

9s
s

4s
54-

9s
59s

4s
54-

)s(Y 22222 +
+

+
+

+
=

+
+

+
+

=  

 
 

=)t(y )t3sin(6.0)t3cos()t2sin(0.4- ++  
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Chapter 15, Problem 58.  
 
Given that 
 

( ) ( )tudvv
dt
dv t

452
0

=++ ∫ λλ  

 

with ( ) 10 −=v , determine ( )tv  for 0>t . 
 
 
 
 
Chapter 15, Solution 58. 
 
 
We take the Laplace transform of each term. 
 

5 4[ ( ) (0)] 2 ( ) ( )sV s v V s V s
s s

− + + =  

2

5 4 4[ ( ) 1] 2 ( ) ( ) ( )
2 5

ssV s V s V s V s
s s s s

−
+ + + = ⎯⎯→ =

+ +
 

 

2 2 2 2 2 2

( 1) 5 ( 1) 25( ) 2( 1) 2 ( 1) 2 ( 1) 2
s sV s

s s s
− + + − +

= = +
+ + + + + +

 

( ) ( cos 2 2.5 sin 2 ) ( )t tv t e t e t u t− −= − +  
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Chapter 15, Problem 59.  
 
Solve the integrodifferential equation 

tt
edtyy

dt
dy 2

0
634 −=++ ∫ , ( ) 10 −=y  

 

 
 
Chapter 15, Solution 59.  
 
Take the Laplace transform of each term of the integrodifferential equation. 
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6
)s(Y

s
3

)s(Y4)0(y)s(Ys
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⎟
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−
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+
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+
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A = –2.5, B = 12,  -10.5C =  
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+
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+
+

+
−
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Chapter 15, Problem 60.  
Solve the following integrodifferential equation 

tdtxx
dt
dx t

4sin4352
0

=+++ ∫ , ( ) 10 =x  

 
Chapter 15, Solution 60.  
 
Take the Laplace transform of each term of the integrodifferential equation. 
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s
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When 0s = , 
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16
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B

A
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)16s16ss(B)24s16s5.1s(A32s18s2s 232323 +++++++=−+−  
 )5.1s5.2s(D)s5.1s5.2s(C 223 ++++++  

Equating coefficients of the 3s  terms, 
0935.0-CCBA1 =⎯→⎯++=  
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